Background: A first-line biologic treatment for metastatic colorectal cancer (mCRC) is still controversial. We, therefore, performed a meta-analysis to determine the efficacy of first-line cetuximab versus bevacizumab for RAS and BRAF wild-type mCRC. Methods: In March 2018, an electronic search of the following biomedical databases was performed: PubMed, EMBASE, Cochrane Library, ClinicalTrials.gov and Web of Knowledge. Randomized controlled trials (RCTs) and prospective or observational cohort studies (OCSs) were included. Subgroup analyses of all RCTs were performed in all outcomes. All statistical analyses were performed using RevMan software 5.3. Results: Two RCTs and three OCSs, involving a total 2576 patients, were included. The meta-analysis reported that cetuximab was associated with a longer overall survival (OS) [HR 0.89, 95% CI (0.81-0.98); p = 0.02], a higher ORR [RR 1.11, 95% CI (1.03-1.19); p = 0.006], higher complete response [RR 3.21, 95% CI (1.27-8.12); p = 0.01] and a greater median depth of response than bevacizumab. However, no significant difference was observed between cetuximab and bevacizumab groups for PFS, DCR, partial response, progressive disease, curative intent metastasectomy, EORR and incidence of grade 3 or higher adverse events. In the subgroup meta-analyses of the RCTs, inconsistent results compared to the main analysis, however, were found, in the ORR, DCR and curative intent metastasectomy. Conclusions: The current evidence indicates that compared to bevacizumab treatment, cetuximab provides a clinically relevant effect in first-line treatment against mCRC, at the cost of having lower stable disease.
Background
Colorectal cancer (CRC) is the third most common cause of cancer-related morbidity worldwide [1] , with a 14% five-year survival rate in patients with an initial diagnosis of metastatic colorectal cancer (mCRC) [2] . Approximately one-quarter of CRC patients will present with synchronous metastatic cancer, and 40-60% CRC will develop metachronous disease eventually [3, 4] .
With the increasing use of targeted therapies, including epidermal growth factor receptor (EGFR) and anti-vascular endothelial growth factor (VEGF) antibody, the median overall survival (OS) of mCRC has been raised to approximately 30 months over the last 10 years [5, 6] . Cetuximab, a chimeric (human-mouse) monoclonal antibody targeting EGFR, can inhibit cancer cell growth and induce apoptosis [7, 8] . As is well known, EGFR can activate numerous intracellular signaling pathways that promote cancer cell proliferation and survival via stimulating transcription of many genes involved in these pathways [9] . Furthermore, studies several trials have shown clinical efficacy of cetuximab in KRAS wild-type mCRC [10, 11] .
Bevacizumab is a recombinant humanized monoclonal antibody that targets VEGF and inhibits tumor-driven angiogenesis. The AVF2107 trial proved that irinotecan plus bevacizumab could raise the median OS from 15.6 to 20.3 months [hazard ratio (HR) 0.66, p = 0.001] [12] . Consequently. in 2004, bevacizumab was accepted as a first-line treatment for mCRC by the United States Food and Drug Administration. A large retrospective cohort study of 1739 patients with mCRC reported that bevacizumab was associated with higher OS, progression-free survival (PFS) and metastasectomy rates of first-line treatment of mCRC [13] .
The FIRE-3 trial, which included 592 patients with KRAS exon 2 wild-type mCRC, aimed to compare cetuximab plus FOLFIRI or bevacizumab plus FOL-FIRI and reported a significantly longer median OS in the cetuximab group (HR 0.77, 95% confidence interval (CI) 0.62-0.96; p = 0.017) [5] . However, there were no differences in the PFSs and objective responses, FIRE-3 was formally negative trial and failed the primary end-point (ORR) [5] . It is difficult to understand why cetuximab was not associated with a significantly enhanced proportion of objective responses but presented an improved long-term median OS. A recent RCT produced a paradoxical result, with no difference found in the OS between cetuximab and bevacizumab groups, for mCRC patients, the CALGB 80405 was also formally negative trials and failed the primary end-point (OS) [6] . Thus, the optimal first-line targeted therapy is contradictory for patients with RAS and BRAF wild-type mCRC. We, therefore, performed a systematic review and meta-analysis to determine the relative efficacy, including long-term survival outcomes and response rates, of first-line treatment with cetuximab versus bevacizumab.
Methods

Data sources and searches
The preferred reporting items for PRISMA guidelines [14] were followed in this systematic review. In March 2018, an electronic search of the following biomedical databases was performed: PubMed, EMBASE, Cochrane Library, ClinicalTrials.gov and Web of Knowledge Conference Proceedings Citation Index-Science (CPCI-S). Abstracts and presentations published by the American Society of Clinical Oncology (ASCO; www.asco.org) and the European Society for Medical Oncology (ESMO; www.esmo.org) were also reviewed. The following search terms were used: "metastatic colorectal cancer", "targeted agent or targeted therapy", "epidermal growth factor receptor inhibitor or EGFR inhibitor or cetuximab", "vascular endothelial growth factor inhibitor or VEGF inhibitor or bevacizumab" and "first line".
Study selection criteria
Eligible studies were required to meet the following inclusion criteria: RCTs, prospective or observational cohort studies (OCSs) that evaluated the efficacy and safety of first-line cetuximab versus bevacizumab for RAS and BRAF wild-type mCRC. The exclusion criteria were as follows: case report, reviews, clinical trial registrations with no result, and cohort studies with lines of therapy other than first and less than eight on the Newcastle-Ottawa Scale (NOS) of nonrandomized cohort trials. The most informative articles are included in the present analysis when more than one paper repetitively reported the same study.
Outcomes and data extraction
The primary endpoints were OS and PFS. Secondary endpoints were as follows: the objective response rate (ORR), disease control rate (DCR), complete response, partial response, stable disease, progressive disease, early objective response rate (EORR, the percentage of patients achieving 20% or more reduction in the sum of diameters of target lesions [per the Response Evaluation Criteria in Solid Tumors (RECIST) guideline] at the first tumor assessment after baseline), hematologic and nonhematologic adverse events (grade ≥ 3), curative intent in secondary surgery for metastases and depth of response (the relative maximum change in tumor size as a percentage compared to the baseline) [15] .
Two independent authors extracted the data using a pre-designed data extraction Microsoft Excel form. If these two reviewers could not reach a consensus, all disagreements were resolved by discussion with a third reviewer. An open assessment of the RCTs was performed using the Jadad scale [16] , and The Newcastle-Ottawa Scale [17] was used to assess nonrandomized cohort trials. In addition, all outcomes were graded according to the Grading of Recommendations Assessment Development and Evaluation (GRADE) system [18] .
Statistical analysis
For survival outcomes, the HR was used to pool analyses. For dichotomous clinical outcomes, we expressed treatment effects as relative risks (RR) and 95%CI. I 2 -statistics were performed to assess the heterogeneity between studies [19] . A fixed-effect model was used to pool analyses. If statistical heterogeneity (> 50%) was found, a random-effect model was employed, generating a more conservative estimate. Subgroup analyses of all RCTs were performed in all outcomes. All statistical analyses were performed using RevMan software (version 5.3; Cochrane Collaboration), and a two-sided p < 0.05 was considered statistically significant.
Results
Literature search and selection
The combined search identified 3812 articles, of which 3768 were excluded, based on the title and abstract evaluation. For the full-text information evaluation, we reviewed the remaining 44 studies. Our exclusion criteria excluded 37 studies. Finally, two RCTs and five OCSs were evaluated. Two OCSs were removed, due to less than eight NOS score [20, 21] . Overall, the meta-analysis included three RCTs [5, 6, 22] (two references [5, 22] involved an RCT) and three OCSs [23] [24] [25] , comparing first-line cetuximab versus bevacizumab for RAS and BRAF wild-type mCRC ( Fig. 1 ).
Study characteristics
The five selected trials were published from Sep 2014 through to Oct 2016 and included patients who received or XELOX (capecitabine plus OXA). Overall, these trials analyzed a total 2576 patients receiving targeted therapy. The cetuximab group included 1185 patients, and 758 (63.97%) were male. The bevacizumab group included 1391 patients, and 867 (62.33%) were male. The study quality was rated as high for five studies ( Table 1 ). The baseline characteristics of the five trials are listed in Tables 1 and 2 .
Primary outcomes
Five studies reported the median OS and PFS (Table 3) . For the cetuximab group, the median OS ranged from 28.3 to 37.8 months, whereas the bevacizumab group displayed a median OS ranging between 25 and 31.04 months. The median OS was better in the cetuximab group than the bevacizumab group [HR 0.89, 95% CI Table 3 ].
Secondary outcomes
The ORR was reported in four studies [5, 6, 24, 25] . The ORR was provided for 618 (60.1%) of 1029 patients who received cetuximab treatment and in 595 (53.4%) of 1114patients who received bevacizumab treatment. The meta-analysis documented a clear advantage of the cetuximab group over bevacizumab group [RR 1.11, 95%CI (1.03-1.19); p = 0.006, Fig. 3a , Table 3 ]. However, no significant differences in the DCR were noticed between the two groups [RR 0.95, 95%CI (0.90-1.00); p = 0.07, Fig. 3b , Table 4 ]. The meta-analysis of three trials [5, 24, 25] (n = 1006) showed a higher complete response in the cetuximab than bevacizumab group [RR 3.21, 95%CI (1.27-8.12); p = 0.01, Fig. 4a , Table 4 ].
Data were available for three of the included studies [5, 24, 25] , involving 1006 patients. The partial response, pooled from the results of these studies, was not significantly different in both groups (56.8 vs 50.5%; p = 0.11, Fig. 4b , Table 4 ). However, bevacizumab group was associated with more stable disease (22.2 vs 35.7%; p < 0.0001, Fig. 4c ). No significant difference was observed between the cetuximab group and bevacizumab group for progressive disease (8.2 vs 6.5%; p = 0.23, Fig. 5a ) and the rate of curative intent metastasectomy (18.3 vs 12.5%; p = 0.09, Fig. 5c ) ( Table 4 ). Only FIRE-3 trials reported EORR and the depth of response. Cetuximab-based regimens were associated with a relatively higher EORR compared with bevacizumab-based regimens (68.8% vs 49.1%, p = 0.0004, Fig. 5b ). FIRE-3 [24] documented a significantly greater median depth of response in the FOLFIRI plus cetuximab group relative to the FOLFIRI plus bevacizumab regimen(− 48.9% vs − 32.3%; p < 0.0001).
Three studies [6, 24, 25] with 1586 patients mentioned the incidence of grade 3 or higher adverse events. The risk of both hematologic adverse events and nonhematologic adverse events were comparable between the two groups [RR 1.00, 95%CI (0.85-1.16); RCT Randomized Clinical Trial, OCS observational cohort study, PFR progression-free rate, PFS Progression free survival, ORR objective response rate, OS overall survival, DCR isease control rate p = 1.00, Fig. 6a ; RR 1.32, 95%CI (0.93-1.85); p = 0.12, Fig. 6b , repectively]. (Table 4 ).
Subgroup analyses
The inconsistent outcomes compared to the main analysis were found in ORR, DCR and curative intent metastasectomy. All RCTs reported ORR, and the subgroup meta-analysis showed that ORR was comparable between the two groups [RR 0.77, 95%CI (0.99-1.17); p = 0.07, Table 5 ]. Only one RCT reported DCR and curative intent metastasectomy, and The inconsistent outcomes compared to the main analysis were found. The subgroup meta-analysis revealed similar results between the two groups for the remaining outcomes (Table 5) .
Discussion
In the present meta-analysis of cetuximab versus bevacizumab as first-line therapy for patients with RAS and BRAF wild-type mCRC, we observed a significantly longer median OS in mCRC patients who were treated with cetuximab compared with those who received bevacizumab treatment. Furthermore, cetuximab was associated with higher ORR, lower stable disease, higher complete response and a greater median depth of response. However, no significant difference was observed between cetuximab and bevacizumab groups for PFS, DCR, partial response, progressive disease, curative intent metastasectomy, EORR and incidence of grade 3 or higher adverse events. In the subgroup meta-analyses of the RCTs, inconsistent results compared to the main analysis, however, were found, in the ORR, DCR and curative intent metastasectomy. To our knowledge, this is the first meta-analysis report of differences in the efficacy and safety of cetuximab as first-line therapy compared with bevacizumab for RAS and BRAF wild-type mCRC.
In patients with RAS wild-type mCRC, no preferable first-line biologic treatment has been clearly illustrated. A large randomized phase III trial demonstrated that Fig. 2 Overall survival and progression-free survival a The median OS was better in the cetuximab group than the bevacizumab group; b the median PFS did not differ significantly between patients treated with cetuximab and bevacizumab) *The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). CI: Confidence interval; RR: Risk ratio; GRADE Working Group grades of evidence High quality: Further research is very unlikely to change our confidence in the estimate of effect Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate Very low quality: We are very uncertain about the estimate Fig. 3 Objective response rate and disease control rate (a The meta-analysis documented a clear advantage of the cetuximab group over bevacizumab group in the ORR; b No significant differences in the DCR were noticed between the two groups)
EGFR (cetuximab and panitumumab) was not associated with clinical effectiveness in mCRC patients with RAS mutations [26] . A trial compared panitumumab to bevacizumab (PEAK), which included 156 patients with RAS WT/BRAF WT mCRC, aimed to assess the PFS of panitumumab versus bevacizumab in these patients [27] . Significantly longer median PFS was found in panitumumab group compared to bevacizumab group in the RAS wild-type (12.8 vs 10.1 months; HR = 0.68; p = 0.029) and RAS wild-type/BRAF wild-type (13.1 vs 10.1 months; HR = 0.61, p = 0.0075) mCRC. No significant difference was observed between cetuximab and bevacizumab groups in terms of OS. There are two potential reasons why the advantages of DFS are not extended to OS. The first reason is that the numbers of patient with BRAF MT mCRC were different (panitumumab arm n = 11; bevacizumab arm n = 3), while the second reason is that the PEAK research was focused on PFS but not powered to detect any OS increase. However, the present systematic review included five trials, in which the median OS ranged from 28.3 to 37.8 months in the cetuximab group, being significantly higher than that in the bevacizumab group. There was no significant difference in PFS, and the PFS results of the meta-analysis are highly consistent with those reported in previous RCTs [5, 6] . Hence, large-scale randomized controlled studies are further needed to demonstrate this advantage in cetuximabbased regimens for RAS wild-type mCRC.
The University Hospital Dresden team demonstrated that liver metastasectomy rate is strongly correlated with the response rates [28] . In patients with mCRC, classic chemotherapy plus targeted agents Fig. 4 CR, PR and SD (a The meta-analysis of four trials showed a higher complete response in the cetuximab than bevacizumab group). b The partial response was not significantly different in both groups. 4c: bevacizumab group was associated with more stable disease) evidenced significant improvement in the ORR and, consequently, increased the number of patients eligible for surgical treatment [29] [30] [31] [32] . A recent systematic review and pooled analysis, designed to assess the clinical efficacy of FOLFOXIRI plus bevacizumab, demonstrated that classic chemotherapy combined with bevacizumab is associated with an improvement in ORR (69%) [33] . However, there is no difference in the rate of overall surgical conversions and rate of R0 surgical conversions in mCRC patients who received chemotherapy plus bevacizumab compared to chemotherapy. Our meta-analysis showed that cetuximabbased treatment is associated with a higher ORR in the cetuximab group over bevacizumab group (RR 1.09, p = 0.01). Moreover, it confirmed evidence of the present analysis, showing a significantly higher complete response in the cetuximab group relative to the bevacizumab group [RR 2.74, p = 0.01).
A trial noted that there were no significant differences in the incidence of adverse events of any grade and grade 3-4 [27] . However, a systematic review and meta-analysis published in 2018 concluded that compared to a panitumumab-based scheme, cetuximab has a similar burden of toxicity regarding the rate of severe adverse events [34] . The present meta-analysis demonstrated that cetuximab significantly increased the rate of nonhematologic adverse events [RR 1.41, p = 0.02]. However, subgroup analysis of RCTs revealed that nonhematologic adverse events were comparable between cetuximab and bevacizumab treatment. Hematologic adverse events in the overall analysis and subgroup analysis are consistent. Therefore, the role of cetuximab warrants further discussion.
Limitations
Our present meta-analysis has several limitations. First, significant heterogeneity was observed in stable disease, EORR, nonhematologic adverse events and curative intent. This disparity may be related to the (Fig. 5a ) and the rate of curative intent metastasectomy (Fig. 5c ). Only FIRE-3 trial reported that Cetuximab-based regimens were associated with a relatively higher EORR compared with bevacizumab-based regimens (Fig. 5b) differences in basic chemotherapy regimens. However, the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines similarly recommend fluoropyrimidine in various schedules and combinations as first-line mainstay chemotherapy [35] . Second, primary tumor location is different between the two groups, and this may have a potential impact on the outcomes. A recent systematic review illustrated that patients with left-sided CRC might benefit more from anti-EGFR therapy than right-sided CRC patients [36] . However, further clinical trials, stratified for cancer location, are needed. Finally, different types of studies were included in the present survey. Although confounding factors were increased, the subgroup meta-analysis of RCTs was performed to verify the outcomes, and the current research still provides reliable evidence for clinicians. 
Conclusions
In conclusion, the current evidence indicates that compared to bevacizumab treatment, cetuximab provides a clinically relevant effect in the first-line treatment of RAS and BRAF wild-type mCRC on OS, ORR and complete response, at the cost of lower stable disease. Future research is still required to investigate the role of cetuximab on PFS, ORR and adverse events. 
